ABSTRACT: We present a detailed Cenozoic biostratigraphy for Paleogene bathyal and Neogene neritic strata, north of 55? in the central North Sea, and offshore mid-Norway, using both foraminifera and dinoflagellate cysts. Construction of the zonations was assisted by the quantitative stratigraphic methods RASC and STRATCOR. Eight Paleogene and four Neogene interval zones of benthic and some planktonic foraminifera are defined. These zones involve the average last occurrence of 64 taxa present in a minimum of 7 of 33 wells studied. Eighteen geographically rare, but stratigraphically important foraminifers and dinoflagellate cysts were inserted as "unique events". Thirteen Paleogene dinoflagellate cyst interval and peak zones are defined that are interrelated with the foraminiferal zonation. The Paleocene-Eocene boundary is assigned at the top of dinoflagellate cyst zone T2c (Apectodinium augustum LO), immediately above the upper limit of the Reticulophragmium paupera Zone. The Coscinodiscus Zone and dinoflagellate cyst zone T3A (acme of Deflandea oebisfeldensis) are earliest Eocene in age. Uppermost Eocene strata may be largely missing in the central North Sea, as is part or all of the Upper Miocene.
INTRODUCTION
The central North Sea and Haltenbanken wells, north of 55? contain abundant dinoflagellate cysts and agglutinated benthic foraminiferal taxa in Upper Paleocene and Eocene shales. In the deeper, more central part of the basins the agglutinated foraminiferal assemblage also extends into Neogene strata. This so-called "flysch-type" agglutinated assemblage is part of a cosmopolitan benthic fauna that resides on fine-grained, siliciclastic continental slopes, typically in the bathyal bathymetric realm (Gradstein and Berggren 1981) . Flysch-type assemblages also extend onto the oceanic basin floors in abyssal water depths. The fauna harbors many taxa that can be used for detailed correlations of strata in siliciclastic basins; the detailed correlations are only now beginning to be fully explored. An inherent problem in exploration-type micropaleontology is relatively poor sample quality, as most samples consist of cuttings rife with cavings. When the problem of cavings is compounded with stratigraphically inconsistent last occurrences of many of the benthic foraminiferal species, and with localized geological reworking, quantitative stratigraphic treatment of the microfossil distribution data is beneficial. Palynology, although more susceptible to reworking because of smaller specimen size, benefits from access to smaller samples of better quality, such as sidewall cores, and higher number of specimens per sampling level. In the Paleogene of the North Sea the dinoflagellate cyst zonation is more detailed than that using foraminifera, hence integration assists to calibrate the benthic foraminiferal zonation. A taxonomic inventory of Cenozoic deep-water agglutinated foraminiferal assemblages from the North Sea and Labrador basins was compiled by Gradstein and Berggren (1981) . This study provided a paleoecologic model for so-called "flyschtype" agglutinated foraminiferal assemblages of many petroleum basins. In this model the occurrence of "flysch-type" agglutinants in slope basins and rapidly subsiding siliciclastic troughs is related to somewhat restricted bottom water circulation, leading to oxygen-deficient substrates that may limit the occurrence of normal deeper marine, calcareous benthic taxa and favor instead the development and preservation of agglutinating forms. Subsequent actualistic and fossil-based studies by Schroeder (1986) and Kaminski (1987) led to the realization that diverse agglutinated assemblages are typical for normally oxygenated continental slopes and rises. Low-energy, siliciclastic substrate conditions are important, and the assemblages do tolerate oxygen deficiency. Although a strict paleobathymetric connotation for the flysch-type assemblages should be rejected, it is clear that bathyal or deeper conditions are a prerequisite. Minimum water depth for such assemblages is access to the original database on which his interpretation was based. Such would make it much easier to relate his zonation to the observed record in the wells studied by us, and facilitate first-order integration with other regional zonations. King (1983) provided the reader with a detailed summary of the interrelation of his zonation with that developed by Doppert (1980) and Doppert and Neele (1983) for The Netherlands, and by a number of different authors for shorter stratigraphic intervals in Denmark, Germany and England. The eleven-fold assemblage zonation developed by Doppert and co-workers for the Cenozoic of The Netherlands uses over 90 species (mostly calcareous benthic taxa) typical of shallow-to deep-neritic environments. stratigraphically long sedimentary sections. Often, taxa that can be identified are rare and occur at relatively few sites in a given region. Consequently, threshold values for minimum frequency of occurrence have to be set in most quantitative approaches. The majority of highest and lowest occurrences of species events generally appear to be mutually somewhat inconsistent when several sections in a basin are considered simultaneously (text- fig. 2 ). This means that events may cross-over from site to site; this cross-over frequency can be easily tabulated for all pairs of events present in a data set. Such inconsistencies are largely due to the great variety in the processes (often unknown), that controlled stratigraphic persistence and preservation of species, sediment mixing after burial of tests, and observer bias (e.g. misidentification) (table 2). Differences in local stratigraphic ranges also play an important role, particularly with agglutinated benthic foraminifera .
The combination of qualitative and quantitative stratigraphic techniques makes its easier to integrate zonations based on
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Several quantitative techniques have been developed during the past two decades, to eliminate inconsistencies from a regional paleontological data base and provide superior interpretations. For exploration micropaleontology and palynology, among the most useful methods are a highly modified type of "graphic correlation" (STRATCOR) and ranking and scaling (RASC). STRATCOR is a crossplot method that composites successive wells two at a time. It allows calculation of a zonation with data from few wells only, making it suitable for the combined dinocysts and foraminifer record in the three Norwegian wells dealt with in this report. Recent overviews and details on these quantitative biostratigraphic methods may be found in Gradstein et al. (1985) , Gradstein (1990) , and D'Iorio (1986).
The quantitative biostratigraphic methods are either probabilistic or deterministic. In probabilistic models, as automatically generated with RASC and optional with program STRATCOR, the local inconsistencies in relative position of the end points of ranges (first and last occurrence events) are "explained" as local, random deviations from estimated average event locations. The average first or last occurrences may have an error bar to indicate standard deviations. In deterministic models, as generated with conventional graphic correlation (Edwards 1989 ) and optional with STRATCOR, the inconsistencies are assumed to be due to missing data and eliminated by filling in data gaps, until a consistent data base is obtained. On the other hand it is quite possible to proceed with this graphic correlation method in a more probabilistic manner.
In a stratigraphic sense, deterministic means that the highest of the last occurrences and the lowest of the first occurrences are sought. This maximizes stratigraphic ranges, rather than averaging them, as advocated in probabilistic techniques. In actual practice there may be little stratigraphic difference between the two approaches, depending on the scatter in the data and the type of fossil group. It is probably true that calcareous planktonics, when present in abundance, show smaller deviations between average and total stratigraphic range in any given area than benthic organisms (see Doeven et al. 1982) . Probabilistic techniques are better suited to such noisy data as the stratigraphic distribution of benthic foraminifers in ditch cuttings samples from exploration wells.
During the course of this study, considerable insight was gained in the stratigraphic properties of the Cenozoic microfossil data from the central North Sea. Although it would be quite possible to erect a subjective, qualitative biostratigraphic framework, as TEXT-FIGURE 3 Bargraphs indicating the number of dinoflagellate taxa, and agglutinated, calcareous benthic and planktonic foraminiferal taxa recorded in the North Sea wells studied. Miscellaneous "taxa" refers to silicious fossil species and physical log markers. advanced, for example by King (1983) for Cenozoic shallower water deposits of the North Sea, we consider it advantageous to utilize quantitative stratigraphic methods as well. In this study we employ RASC to define Cenozoic foraminiferal zones, and use both RASC and STRATCOR to better integrate the detailed Paleogene dinoflagellate cyst and the foraminiferal zonations offshore Norway.
MATERIAL
The database for this biostratigraphic study consists of the last occurrences (LO) of over 160 benthonic and planktonic foraminiferal taxa in over 5200 ditch cuttings and several conventional core and sidewall core samples from 33 wells, located in the central North Sea and offshore mid-Norway (text- fig. 1 ). In addition we studied the first (FO), last common (LCO) and last occurrence (LO) of over 160 dinocyst taxa and spores in sidewall cores and ditch cuttings in two of the same Norwegian offshore wells, 34/8-1 and 6407/7-1, and combined it with the reevaluated, published palynology record in the Esso Norway 16/1-1 well (Ioakim 1979) , which has 14 Eocene and Paleocene cores (text-figs. 3-7). A listing of microfossil events used in these three wells is found in Appendix 1. All wells were selected on the basis of representative microfossil coverage of the basins, and the availability of sidewall cores.
The North Sea wells are situated between 55? and 62? North in the Central and Viking Grabens, except for one well on Haltenbanken at 64? North. Thus the region spans mid to high latitudes. Table 1 shows which interval in each well was studied, from the base of surface casing to the base of Cenozoic (except in the Danish North Sea wells, where only the Paleogene record was obtained). Depths are listed in meters in table 1.
We used dictionary numbers for the stratigraphic events and three simple rules to prepare the census data. The rules are: 1) a local identification with the qualifier aff. (affinis) is the same as the nominate taxon;
2) a local identification with the qualifier cf. (confer) for a regular dictionary taxon has not been taken into account, or is a different taxon, e.g. Areoligera cf. senoniensis;
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TEXT-FIGURE 4 Chronostratigraphic correlation of Central Graben well 16/1-1, Viking Graben well A (=34/8-1) and Haltenbanken well B (= 6407/7-1), offshore Norway using the dinoflagellate and foraminiferal zonations proposed in this study. There is good agreement between fossil disciplines for the relative age intervals assigned in the wells; minor deviations in the Eocene are shown as the offset between solid and dashed correlation lines. The Neogene record is highly incomplete on Haltenbanken, with Miocene strata missing. The gamma log patterns are shown in reverse contrast, and although the 6407/7-1 well has no visible (Eocene) volcanic tuff, its interval corresponding to tuffs in the other wells also displays the characteristic gamma pattern. For legend see text-figure 5a. The RASC computer program used to calculate the optimum (average) interval zonation(s) and test stratigraphic normality of the individual well record relative to the calculated standard, performed with thresholds kc = 5 through 10, mc 1 = 1 and mc2 = 4 through 8. Kc represents the minimum number of wells in which each event must occur to be ranked, mc 1 the number of wells in which each pair of events in the ranked optimum sequence must occur, and mc2 the minimum number of wells in which each pair of events in the scaled optimum sequence occurs. RASC runs are designated by their kc/mc l/mc2 thresholds, e.g. a 7/1/5 run means that kc = 7 , mcl = 1 and mc2 = 5 (Gradstein et al. 1985 ). In all, over 100 RASC runs were executed, with a varying number of wells to also evaluate sub-zonations in part of the regions. The dendrograms that display the interfossil distances between the stratigraphically ranked taxa are quite stable when RASC runs with different threshold parameters and different numbers of wells were used. In all cases approximately the same zones were recognized. The final scaled optimum sequence selected to represent the probabilistic interval zonation for the North Sea has optimum separation of stratigraphically successive dendrogram clusters, and is shown in text-figure 8. where this distinctive species is more compact, more disk shaped, and has a more angular periphery than in its younger stratigraphic range; such a morphotype is referred to as R.
intermedia. fig. 8 ) and particularly STRATCOR indicate a distinct break between this zone and the overlying zone of R. amplectens, it may not be possible in individual wells to draw a distinct boundary between the two zones. The reason is local scatter in the tops of the constituent taxa. This is why in a previous zonation using fewer wells, the A. aubertae and R. amplectens Zones were not separated ). Stratigraphic inconsistencies of the last occurrence events in the wells may be caused equally by reworking, sampling uncertainty and local differences in the stratigraphic range of the agglutinated benthic taxa. Nevertheless, we have observed that the highest occurrence in the wells (albeit with isolated specimens) of Spiroplectammina spectabilis is a reliable indicator for the middle part or top of this zone, and S. navarroana indicates its base (= top of the underlying zone of S. patagonica).
The S. patagonica Zone with its common to frequent occurrence of S. patagonica, identified in local well literature as Globigerina ex gr. linaperta or G. eocaena may also be recognized in the Rosnaes Clay (Ypresian) of Denmark and in the Ypresian of Belgium (Gradstein and Agterberg 1982). It is also known from DSDP Sites on the Vring Plateau and the Labrador Sea
Although both RASC (text-
The age of this zone is determined through superposition, the presence of rare planktonics and correlation to palynological events. Firstly, it occurs above the underlying Lower Eocene Zone of S. patagonica and below the overlying zone of R. amplectens, of (largely) late Middle Eocene age. This interpolated age of latest Early Eocene to early Middle Eocene agrees with the highest occurrence in this zone in a few wells (e.g. Discussion: Marginulopsis decorata ranges through this zone, but it occurs in few wells only, as it is more common in a shallower environment of deposition.
4, 5 and 8; table 3). Eatonicysta ursulae extends into NP14 (Vinken 1988) to NP16 (Head and Norris 1989). From its position in the basal
As mentioned above, the R. amplectens Zone in some wells cannot be separated from the underlying A. aubertae Zone. This is the result of variation in local ranges of the zonal taxa. On average the last consistent occurrence of R. amplectens (with disk shaped test, sharp, circular periphery and umbilical depression) ranges above the A. aubertae Zone; typical specimens have not been observed in the overlying zone of Dorothia seigliei-Rotaliatina bulimoides. The zone is probably most easily distinguished on the highest occurrence in many wells of Ammosphaeroidina pseudopauciloculata.
We have not been able to determine if rare occurrences in some wells of A. pseudopauciloculata and of atypical R. amplectens, with a more rounded periphery, in the overlying zones of D. seigliei are due to reworking or are in fact stratigraphic events.
Haplophragmoides walteri locally extends up into the overlying (Oligocene) Zone, but its average last occurrence is in the R. amplectens Zone; its relatively rare subspecies H. walteri excavatus, with more pronounced keel, evolute coiling and more "caved-in" chambers ranges well into Oligocene strata. Well 34/8-1, 1697m, swc.
Atypical R. amplectens was found in low numbers in the Upper
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Cordosphaeridium funiculatum Morgenroth 1966a.
Well 6407/7-1, 1320m, dc. -fig. 3 ). The dinoflagellate cyst zonation described below is based on the observed record in the 34/8-1 and 6407/7-1 wells, in combination with published dinoflagellate cyst zonations relevant to the North Sea region and our inhouse data. In addition we re-evaluated the published palynological record of the Esso Norway 16/1-1 well (Ioakim 1979) . In all three wells analyzed palynologically, we also studied the foraminiferal record (see previous section). As a result, a first order integration was achieved of the dinoflagellate cyst and foraminiferal zonations, as illustrated in the optimum fossil sequences in text- figure 8 and 
ZONAL CORRELATIONS
A combination of several strategies is generally the best approach to obtain information or solve a problem. This is particularly true for stratigraphy in offshore basins, where sampling is limited and of mediocre quality. This is the reason why we combine palynological and foraminiferal distributional data to provide a multiple stratigraphic framework for the North Sea. In 
